a result of pathologic migration. Moderate crowding was seen at the lower anterior teeth with deposition of heavy calculi on lingual side. Moreover, generalized periodontitis and multiple cervical abrasions and/or attritions were found over the whole dentition [ Figure 1 ]. Most of her teeth, especially posterior dentition, showed pocket depth more than 4 mm with bleeding on probing. Upper and lower anterior teeth had noticeable mobility [ Figure 2 ].
In panoramic and periapical radiographs, impaction of both maxillary canines and root resorption of maxillary anterior teeth was detected. Periapical lesion was found on left maxillary first molar, but there was no symptom or clinical sign of discomfort [ Figure 3 ]. The patient showed not only skeletal Class III tendency (ANB: 1°, Wits: −10) with anterior crossbite but also bialveolar protrusion with upper and lower lips protruding from the e-line [ Table 1 ].
Treatment objectives
The treatment objectives were to improve periodontal health, resolve the mobility of maxillary anterior teeth, and make functional occlusion through orthodontic -prosthodontic combined treatment.
Treatment planning
1. Performing periodontal treatment before orthodontic treatment 2. Extraction of hopeless teeth and maxillary left impacted canine 3. Leveling and alignment of the maxillary and mandibular dentition 4. Extraction of mandibular first premolars and perform ASO to resolve the anterior crossbite 5. Surgical and orthodontic traction of maxillary right impacted canine 6. Finishing and detailing 7. Prosthodontic treatment for maxillary anterior area.
Treatment progress
The periodontal disease was treated by nonsurgical and surgical methods. Fixed orthodontic appliances (0.022-in slot brackets; OmniArch; Tomy, Tokyo, Japan) were placed on the mandibular dentition and a 0.014 NiTi archwire was engaged for leveling and alignment. After 2 months of bracket placement, mandibular ASO was performed by an oral surgeon (W.L). The retraction of lower anterior segment was started right after the ASO, and extraction spaces were almost closed 3 months after the surgical procedure. Afterward, right maxillary central incisor, right maxillary lateral incisor, and left maxillary canine were extracted. After the extractions, fixed orthodontic appliances were placed on the maxillary dentition. The impacted right maxillary canine was moved to substitute for the missing right central incisor [ Figure 4 ]. The canine was successfully positioned and leveled in 1 year to use it as an abutment for anterior esthetic restoration. The left maxillary first molar was extracted due to poor prognosis and replaced with implant prosthesis.
After 22 months, brackets were debonded and final restorations were placed. The patient continued to visit the clinic for regular periodontal therapy.
tReatMent Results
After periodontal treatment, pocket depth and mobility reduction were achieved in general. Acceptable overbite and overjet were attained with angle Class I molar relationship. The photographs showed improved facial profile and esthetics with reduced lip protrusion and incompetency [ Figure 5 ].
Posttreatment panoramic radiograph showed acceptable root parallelism with no additional root resorption or periodontal After 8 years of retention, the treatment outcome showed good stability [ Figure 8 ].
dIscussIon
ASO in combination with orthodontic treatment is an effective option for the correction of bialveolar protrusion related in patients with periodontal problems. [6, 7] In alveolar bone loss and atrophic change of ridge, roots may easily contact the cortical bone resulting in limitation of tooth movement, root resorption, and/or positioning of the root out of the alveolus. [8, 9] In this report, the treatment time was reduced through surgical positioning of the anterior segment and through regional acceleratory phenomenon. [10] [11] [12] Furthermore, it mimics the effect of genioplasty, improving the facial profile. In addition, the procedure is less invasive compared to BSSRO and can be performed under local anesthesia. [13] Moreover, the cost of general anesthesia is higher than that of local anesthesia and ASO under local anesthesia is of similar discomfort as that of complicated extraction. [14] [15] [16] [17] Therefore, orthodontic treatment with ASO is preferentially considered at middle-aged patients who have lip protrusion and additional dental malocclusion.
The amount of setback is limited by patient's facial profile.
In this case, the setback was limited within 4 mm due to the patient who had a strong chin. Moreover, the inclination and vertical position of segment were maintained after the surgery in consideration of overbite and mandibular incisor angle. In addition to the advantages, there are also several risk factors for ASO such as ischemic necrosis of the anterior segment, wound dehiscence, and devitalization of the teeth adjacent to the osteotomy site can be risk factors. [14] [15] [16] In our case, right maxillary lateral and central incisors showed severe root resorption with clinical mobility which might be due to chronic traumatic occlusion and the impacted canines. Previous study noted that impacted canine-associated severe incisor root resorption was multifactorial, including the position of the canines in relation to the middle-third of the adjacent roots. [17] Becker and Chaushu [18] studied 11 patients with twenty severely resorbed maxillary incisors and concluded that the resorption is rapid when it is the result of impacted canine. However, if some space is orthodontically gained between the impacted canine and the resorbing incisors, the process will retard and the incisors could be saved conservatively. However, in our case, the right maxillary lateral and central incisors were hopeless; thus, their extractions were inevitable. This provided an opportunity for the right impacted canine to be orthodontically tracted into its position in the maxillary dental arch. Figure 2 shows the periodontal status of the patient. Generalized gingival recession and moderate to deep pockets were reported. This deteriorated the crown/root ratio and imposed a higher risk on using the posterior teeth as an anchorage. In addition, the alveolar bone loss in the mandibular anterior region resulted in a limited bone envelope in which the teeth can be retracted to improve the lip protrusion. For these reasons, ASO was the best treatment option for our patient. Another treatment option would be guided tissue regeneration to regain the alveolar bone height followed by conventional orthodontic treatment.
Ghezzi et al. have reported successful treatment of 14 patients applying this approach. [19] However, the tissue regeneration therapy would extend the treatment time and impose an extra cost to the patient.
During the orthodontic treatment, left maxillary central incisor was extruded due to the pathologic migration compromising the esthetics of the gingival line. However, this was corrected successfully during and after the treatment. Clinicians should consider the possibility of pathologic migration when treating periodontally affected dentition.
Careful check-up of ligations and bracket dislodgement would be necessary.
The amount of alveolar bone around the missing spaces was not sufficient to support dental implants. The patient wanted more esthetic results for her anterior region and especially asked for equal gingival margins. Therefore, for the prosthodontic treatment option, the 3-unit bridge restoration was chosen. An interdisciplinary approach is essential for the treatment of adult with periodontally compromised patients.
In summary, ASO might be a viable treatment option for improving lip protrusion in middle-aged patients with periodontal problem. 
